Objective: The goal of this study was to design, develop, and evaluate a game for health, ''Gustavo in Gnam's Planet'' (''Gustavo''), aimed to improve knowledge on healthy foods and to increase consumption of healthy foods. Subjects and Methods: Eighty-three high school students were enrolled in the study. The game was designed and developed by a multidisciplinary team. Behavioral change theories were adopted to guide the design of the health messages. Participants were assessed about food frequency, healthy food knowledge, and the game's interest. Results: Forty-seven subjects (mean age, 14.9 -1.0 years; 72.3 percent males) completed the study. At posttest, participants showed significant higher scores (i.e., increased knowledge) in the questionnaire on knowledge of healthy foods (70.0 -9.2 versus 71.3 -10.0 for pretest and posttest, respectively; P < 0.05). Improvements in healthy eating habits were also detected: higher frequency of consumption during a week of white meat (1 [ Most of the participants found the game easy to use and clear in its content. Half of the participants found the game interesting. Conclusions: Our study shows that ''Gustavo'' is a promising tool for health education, in schools or in other environments. Limitations of the study and future directions are discussed.
Introduction

D
iabesity represents a new health epidemic; it consists of the coexistence of both type 2 diabetes mellitus (T2DM) and obesity.
1 T2DM and obesity have great social and clinical relevance because of the number of affected subjects and the related serious complications. Recent estimates show an increasing and worrisome trend toward younger people developing both conditions. This situation has deep economic implications for all healthcare systems: If preventive measures are not undertaken, the costs will soon become unsustainable. 2 T2DM is a largely preventable disease; in this respect, promoting a healthy lifestyle is important and can be effective in young people. As described in a recent review, studies among children and adolescents clearly point out that the largest part of these populations poorly adheres to the Mediterranean diet also in the Mediterranean region, showing an increase in the intake of processed foods and saturated fat. 3 The Mediterranean diet is the traditional dietary pattern of Mediterranean countries and is characterized by a high intake of olive oil, fruits and nuts, vegetables, legumes, cereals, fish, and seafood and a low intake of dairy and meat products.
Despite notable efforts to halt the growing rates of youth overweight or obesity, to date, strong evidence to support favorable effects of obesity prevention programs for adolescents is still lacking. 4 Adolescence is a crucial stage for individual development, and successful completion of this stage is highly related to health. There is a need to develop more appealing tools for adolescents to promote effective prevention.
Recent studies suggest that serious games are interesting and innovative tools useful to influence attitudes, beliefs, and Gustavo takes the cat to the kitchen to get a glass of milk from the fridge. But, because of a manufacturing fault, the fridge transforms itself into an interdimensional portal, through which Gustavo is transported faraway to the planet GNAM, an unknown world.with plenty of food! Only LOL knows the secret of planet GNAM: The only way for Gustavo to go back home is to adopt a healthy lifestyle. Nothing is easier for Gustavo, who loves running, jumping, and eating healthy food! Will he be able to get back home safe, sound, and on time for breakfast? Only you can help him! How the story relates to targeted behavior change While playing the game, subjects acquire specific information, and the bonus/penalty mechanism in the three levels acts as a stimulus to transform the choices they make in the game into practical deeds in their real life (i.e., choosing healthy food and avoiding junk food).
Game components
Player's game goal/objective(s) To reach the end level with the highest score while helping Gustavo to maintain a healthy lifestyle Rules
To finish the game the subject has to successfully complete three levels. To complete each level a player can make up to three penalties and has to dodge obstacles. Penalties are given when the game's protagonist eats unhealthy foods, which are shown before starting to play and are also highlighted while playing.Obstacles concern the game's physics and setting's morphology (e.g., do not fall down into cliffs, do not bump into rock walls, and so on). The score is always the same: 100 points for each bonus food eaten. The gained score is shown at the end of each level, and the total score is shown at the end of the third and final level.
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behaviors, 5, 6 more than other forms of communication-based media, such as brochures and Web sites. Serious games use entertainment technology to teach, train, or change the behavior, encouraging active engagement and processing of information from the users. [7] [8] [9] Games for health (G4Hs) (or ''health games'') are games with a focus on health care and physical and mental fitness. 6, 10, 11 Popular application areas of health games are nutrition, physical training, education, and prevention. 12, 13 The game-based learning principles target intrinsic motivation, learning through fun, authenticity, self-reliance/autonomy, and experiential learning. The mechanisms adopted include rules, clear but challenging goals, fantasy, progressive levels of difficulty, interactivity, player control, uncertainty, feedback, and a social element. 14, 15 G4Hs can be divided into sedentary and active videogames: The first type uses a game controller, a keyboard, or a mouse, and the second is controlled with the motion of the player. Parisod et al. 16 recently published a review on the effectiveness of digital games in children's health promotion. Active videogames seem to be effective in increasing energy expenditure and promoting physical activity. On the other hand, the evidence supporting the effectiveness of sedentary games is promising, but a large gap in knowledge was found related to this area. In fact, only a few sedentary health games are available because they require many resources for their developmental process. 16 International studies focusing on nutrition digital games evaluation found positive results. Peng 17 evaluated a nutrition education and weight management computer game. The study showed that the game was successful in delivering nutrition information and changing psychosocial determinants of healthy eating in young adults with an average age of 20 years. A project targeting younger participants (children 10-12 years old) was developed by Baranowski et al. 18 They delivered noncommercial and online computer games designed to work as a set to address diet, physical activity, and energy balance. This randomized clinical trial study showed that children playing these computer games increased their fruits and vegetables consumption. Similarly, in a more recent study, 19 an online health videogame for improving healthy diet and physical activity in primary school students (10-11-year-old children) was evaluated. The study documented a significant increase in positive attitudes toward healthy eating and healthy eating self-efficacy, and a high acceptability of the videogame was reported by the participants. Nevertheless, none of these studies evaluated the effectiveness of a nutrition education game on a target group of high school students (adolescents 14-18 years of age).
The aim of this study was to design, develop, and evaluate a sedentary G4H called ''Gustavo in Gnam's Planet'' (hereinafter called ''Gustavo''), targeting adolescents between 14 and 18 years of age. To our knowledge this is the first study in Italy aimed at testing a G4H for prevention programs in youth.
After describing the design and development process, we present a pilot intervention study testing if playing ''Gustavo'' could improve knowledge on and enhance consumption of healthy foods in adolescents attending high school.
Materials and Methods
Game design and theoretical framework ''Gustavo'' is an original Web game developed during a project of health promotion by a multidisciplinary team. The multidisciplinary team, as suggested by Baranowski et al., 15 included both ''fun-ness'' professionals, like a sound professional, a computer programmer, an artist, and a writer, and It depends on the player's expertise: A beginner player might take at least 2 hours to finish the game, whereas an expert player can finish it in 30 minutes.
''serious-ness'' professionals, like an expert in nutrition and metabolic diseases, a psychologist, and a dietitian. The model of the game has been defined from a technical, medical, nutritional, and psychological point of view according to recent specialized literature. 15, 20 To increase the likelihood of success of our G4H, we used a theoretical framework. Psychology theories attesting specific factors involved in behavior change are the Transtheoretical Model of Change, the Social Cognitive Theory, the Self-Determination Theory, and the Elaboration Likelihood Model. The central organizing construct of the Transtheoretical Model of Change 21 is the Stages of Change, in which behavior change is a process involving progress through a series of five stages (from Precontemplation to Maintenance). The Processes of Change are eased by three factors of behavioral change: self-efficacy, locus of control, and decisional balance. Self-efficacy is also the core concept of the Social Cognitive Theory. 22 Social Cognitive Theory suggests that behavior, personal factors, and the environment are interrelated and work together to achieve behavior change. Specifically, personal factors involved are behavior-specific knowledge, selfefficacy, and/or self-regulatory skills development. According to Self-Determination Theory, 23 one additional factor tied to behavior change is intrinsic motivation. Moreover, the Elaboration Likelihood Model 24 proposes that gaining and keeping a person's attention is the first step in getting a person to process the information in a message to promote behavior change.
An integrative approach, aimed at achieving a high efficacy of ''Gustavo'' to change knowledge and behavior, was used. Some of the effective constructs of behavioral change theories described above were endorsed to design and develop the Web game and its health messages, such as attention retention, self-efficacy, self-regulatory skill development, and intrinsic motivation. The Web game was developed to create an entertaining and engaging environment within which behaviorspecific knowledge improvement and self-efficacy increase can occur. This was developed through modeling guided by self-identification with the game characters, feedback, and rewards provided both during the stages and at the end of any stage (i.e., positive feedback and rewarding points are provided to players when they chose healthy foods). Self-regulatory skill acquisition and confidence in doing the new behavior are promoted through the elaboration of the healthy messages provided during the game and the direct experience of the effects of personal choices in the simulated environment (leading to self-efficacy).
As described in many articles, 7, 15, 17, 20, 25 one of the key features of games is fun. The teamwork was attentive to put in the game elements of fun (e.g., obstacles, unexpected events, music, interaction between characters), thereby maintaining participants' attention and motivation through the fun experience. Finally, to ensure participants' engagement the teamwork developed a story of the main character and his friend (Table 1) .
Game structure and rules ''Gustavo'' combines a classic two-dimensional videogame platform structure with the mechanical characteristics of the endless runner genre (Fig. 1) . The protagonist of the game has to move between various obstacles, its movement is automatic, and the player has to use only a key to enable him to jump. The game provides a mechanism of bonuses and penalties: some foods allow the Gustavo protagonist to maintain a healthy lifestyle and to gain points (e.g., vegetables, legumes, white meat, fish, olive oil), but the player will have to help Gustavo not to overdo with unhealthy foods (e.g., chips, sugar-sweetened beverages, hot dog, mayonnaise). Indeed, when Gustavo eats three unhealthy foods in the same level, the player has to restart the level from the beginning. This methodology allows the application of the important concept of ''moderation.'' Playing ''Gustavo'' does not require any special skills or previous experience in videogames, but thanks to the use of a curve of increasing difficulty among the three levels of the game, players are encouraged to have fun up to the end of the game. The player is encouraged to play several times to discover all the secrets and to cover the different roads leading to the end of the three levels of playing.
Participants and procedures
Participants were 83 healthy adolescents, 14-18 years of age (mean age, 16.1 -1.3 years; 70.0 percent males), attending high school from two schools in Pescara, Italy. After the informed consent was orally obtained from students and their parents, students attended a meeting at school with an expert in nutrition and metabolic diseases. During the meeting the G4H ''Gustavo'' was presented, and the steps of the research were explained. Students were provided with personal credentials to access on a voluntary basis the reserved Web area, where they could find all the contents of the research.
The questionnaires for pretest and posttest evaluations were developed and delivered through LimeSurvey, an open source tool for online surveys. The Web game ''Gustavo'' was developed on the Unity platform. The reserved Web area displayed the instructions of the research, the links to LimeSurvey's pages for the two times of assessment, and the link to the Unity page of the Web game ''Gustavo.'' All the participants were first required to complete pretest questionnaires and then to play the Web game for 1 week, at least half an hour per day; finally, they were asked to complete the posttest questionnaires. Participants were also informed that all the research activities had to be performed at home. All subjects (n = 83) have agreed and have logged into the reserved area at least once; 47 had completed information on pretest and posttest questionnaires, and those were used for analyses.
Measures
Basic demographic data (age and gender) were collected. The healthy food knowledge questionnaire was specifically developed for this study to evaluate the knowledge of participants about healthy foods. This self-administered tool has been developed by the dietitian and the psychologist on the multidisciplinary team considering the Mediterranean diet principles and the psychometric principles. After its development, each member of the multidisciplinary team approved the questionnaire. For 22 kinds of food that players run into in the game, participants were asked to indicate on a 5-point Likert-type scale ranging from ''disagree'' (0) to ''agree'' (4) the level they believe each food should be recommended in a healthy diet. The scale provides a total score, ranging from 0 to 88, with a higher score indicating greater knowledge about healthy foods. Cronbach's alpha coefficients for pretest and posttest showed a good reliability of the measure (Table 2) .
A food frequency questionnaire was developed specifically for the study, to assess the frequency of consumption of common foods in the previous week. The starting point in the development of the measure was a survey used by the Italian National Institute of Health to assess the lifestyle of young people. The questionnaire was modified-according to the needs of the study-increasing the response options and the number of foods. Participants were asked to mark on a 5-point Likert-type scale their consumption in the previous week of 33 foods. Scores for each food could range from 0 (none of the days of the week) to 4 (every day of the week). Each single food score was used for data analysis.
The Interest questionnaire consisted of eight items investigating the acceptability and opinions about the game's characteristics such as structural features (i.e., graphic and sound), enjoyment and playability of the game, relevance, and self-perception about learning through the game. Examples of items are ''I enjoyed playing this game,'' ''Overall, I believe the game is interesting,'' and ''The game is easy to play.'' The respondents answered on a 5-point Likert-type scale ranging from disagree (0) to agree (4).
Statistical analysis
Data were collected for pretest and posttest in 2013. Anonymity and confidentiality of participants were secured by personal credentials. Data were summarized as mean -standard deviation for continuous variables and frequency (percentages) for categorical variables. Food frequency is reported as median and range. The primary efficacy variable was absolute change in knowledge on healthy diet score. Pretest posttest levels of knowledge on healthy diet and frequency consumption of foods were compared using the Wilcoxon signed-rank sum test. Statistical analysis was carried out with SPSS statistical package version 17.0 software (SPSS, Inc., Chicago, IL).
Results
Forty-seven participants (mean age, 14.9 -1.0 years; 72.3 percent males) had complete information available. Subjects significantly improved their knowledge on healthy diet (Table 2) after playing the game (P = 0.02).
Comparisons of foods frequency consumption revealed that participants showed significant higher frequency consumption of white meat (P = 0.01), eggs (P = 0.01), and legumes (P = 0.03) and lower consumption of sugar-containing packaged snacks (P = 0.009) after having played ''Gustavo'' for 1 week (Table 3) . Fish consumption increased from baseline to the end of the study, even if statistical significance was not reached (P = 0.05).
When considering the interest questionnaire, 76.6 percent of subjects judged ''Gustavo'' easy to use, and 87.3 percent of participants declared it was clear in its contents. Half of the participants found the game interesting. Only relatively few of the subjects (17.1 percent) recognized having acquired new skills, at variance with what emerged from the results of the questionnaire on knowledge.
Discussion
Children and adolescents are the ideal target population for the prevention of metabolic diseases. Because videogaming is a common pastime among adolescents, videogame-based interventions may constitute one component of a broader integrative approach for preventive health interventions.
A multidisciplinary team designed, developed, and first evaluated a computer Web game aimed to prevent diabesity among Italian adolescents. The pilot intervention study has two main practical results. First, it showed that playing a game like ''Gustavo'' can be useful to increase awareness on healthy food. As an example, participants could ignore the benefits of eating legumes or white meat because of lack of knowledge of their parents or cultural reasons. In this way, ''Gustavo'' represents a didactic and informative game. Second, and more important, is that playing the game resulted in a measurable change. Participants increased the consumption of healthy foods and decreased that of unhealthy foods. This consistency of actions reflects the effect of a more or less conscious choice with important consequences in terms of gaining health and preventing metabolic diseases.
Because participants played the Web game for 1 week only, our results are encouraging: The use of ''Gustavo'' for extended periods can be an enjoyable and promising tool to use for health prevention programs, in schools or in other environments. The first evaluation of our GH4 showed that playing for 1 week is not enough to fully change the nutritional habits of adolescents. However, 1 week is a suitable interval of time to increase knowledge about healthy diet according to the nutritional notions of the Mediterranean diet. Another interesting result is that participants have acquired specific nutrition information through ''Gustavo,'' even if most of them didn't recognize it consciously. We can consider this result as a manifestation, typical of serious games, of the nonperception of learning when instead doing it. 26 ,27 The results are consistent with previous studies that showed that a behaviorally targeted videogame can produce significant improvements in nutritional knowledge and dietary habits. 11, 17, 28 Furthermore, the study evaluated a new G4H with some distinctiveness from previous nutrition education games: ''Gustavo in Gnam's Planet'' is a Web game; it uses the endless running mechanics; it is targeted at adolescents; and it was developed by a multidisciplinary team using an integrative approach of behavior change theories. One of the most serious problems of prevention programs is their sustainability. 4 Our G4H is reusable, the program delivery is standardized, and the burden on the system can be reduced.
The main limits of our study include the short time of intervention, the small sample size, the lack of a control group, the lack of a follow-up measure, and the impossibility to keep track of the time that participants spent in the game. Despite these notable methodological limitations, the findings of our pilot intervention study could be used to inform a more stringent study that would establish greater generalizability. Another possible limitation is that participants played and filled in pretest and posttest questionnaires at home. As argued by Baranowski et al., 15 a game offered at home may be less attractive than the same game played at school as an alternative to a didactic classroom lesson. This may explain the rate of dropouts during the study and of the interest for the game expressed by only half of the participants. It will be important to evaluate the acceptability of our G4H when it is played at school instead at home, and we plan to do so in future studies.
Conclusions
A G4H intervention to prevent diabesity may be particularly effective in childhood and adolescence. Overall, it seems that ''Gustavo'' can increase nutrition knowledge and partially change dietary behavior of adolescents. Although the findings of this study are quite positive, longer experiments with larger samples need to be conducted in the future to further examine the effectiveness of the G4H approach for nutrition education. We intend to repeat this intervention with a control group, and we plan to follow up adolescents to evaluate the long-term effect of a school-based diabesity prevention program by using our G4H.
